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Introduction
Lung cancer is a heterogeneous, complex, and challenging disease to treat (Hensing et al., 2014) and is the leading cause of cancer-related death worldwide (Wu et al., 2014) . In Jordan lung cancer is firmly proved as the second most common cancer in men, and the eighth most common cancer in women (Tarawneh et al., 2010) This fact is particularly bothering because lung cancer is one of the most preventable malignancy (Islami et al., 2015) . Tobacco consumption is the primary cause of lung cancer. Moreover, one in 5 women and one in 12 men diagnosed with lung cancer have never smoked, suggesting that other risk factors are implicated in lung cancer development (pulmonary fibrosis, occupational and environmental exposure, genetics….etc.) (Horn et al., 2012) . Cells may predispose to carcinogenesis if genetic alterations occur in any critical regulatory pathway; the main critical regulatory pathways include regulations of xenobiotic metabolism, control of genomic stability, including deoxyribonucleic acid (DNA) repair mechanisms, cellcycle checkpoints, apoptosis, and control of growth and inflammatory factors (Wu et al., 2004) . Thymidylate synthase is one of the enzymes involved in one carbon-
RESEARCH ARTICLE

Thymidylate Synthase Polymorphisms and Risk of Lung Cancer among the Jordanian Population: a Case Control Study
Wiam Al Qasem, Al-Motassem Yousef*, Mohammad Yousef, Ihab Manasreh unit metabolism and thus DNA synthesis and repair. Thymidylate synthase (ts) catalyzes the methylation of deoxyuridylate to deoxythymidylate utilizing 5,10-methylene-THF as a cofactor (Longley et al., 2003; Lv et al., 2013) . ts has three polymorphisms that may affect ts expression; two functionally important polymorphisms; one is a promoter-enhancer region (TSER), containing 2 or 3 tandem repeats of 28 bp units (2R or 3R) (rs34743033; NC_000018.10: 657645-657731) and known to play a role in the transcriptional autoregulation mechanism (Horie et al., 1995) . The second, common polymorphism is 6bp ins/ del-type polymorphism at ts1494del611 (rs151264360; NC_000018.10: 673444) localized on the 3` UTR, a region conceived to affect ts transcript stability and ts mRNA levels (Horie et al., 1995) . Less functionally important polymorphism is a single nucleotide polymorphism (SNP) C>G at the twelfth nucleotide of the second repeat of 3R allele (rs2853542; NC_000018.10: 657685) (Horie et al., 1995) .
Significant association (linkage disequilibrium) between ts triple tandem repeat genotype (3R/3R) in TSER and del/del genotype in 3`UTR was found in rheumatoid arthritis Japanese patients (Kumagai et al., 2003) , and Caucasian (Ulrich et al., 2002) . Though a meaningful linkage disequilibrium was also detected between double tandem repeat (2R/2R) genotypes and ins/ins genotype (Ulrich et al., 2002) . This association was statistically significant in non-Hispanic Whites, Hispanic, and African American, but the association did not reach significance in Singapore Chinese population (p value 0.15). Strong trend was found; 59% of all 3R/3R homozygotes were also homozygous for the 6 bp deletion (Mandola et al., 2004) . These findings are promising and provide some explanations of how an individual that is known to be homozygous for the 2R tandem repeat polymorphism having high ts gene expression, thus screening for both polymorphism may provide clear estimate for ts protein expression in vivo.
The aim of this study to ascertain if the two functionally important ts polymorphisms and their combined effect are associated with an altered risk of developing lung cancer among Jordanians.
Materials and Methods
Clinical setting
Lung cancer patients (cases) were recruited from the oncology clinic at Al-Basher Hospital (ABH), and the Jordan University Hospital ( ts Genotyping Four milliliters of venous blood were collected from patients and healthy subjects in K3EDTA coated tubes. The tubes were kept in icebox and DNA extraction was performed in the same day using Genomic Wizard DNA purification kit (Promega Corporation, USA) according to manufacturer's instructions. Amplification of the 6bp ins/del region was performed using the forward primer GTCTTTAGGGGTTGGGCTGG (NC_000018.10: 673031-673050) and the reverse primer AAAGCGTGGACGAATGCAGA (NC_000018.10: 673507-673488) to yield a 480-bp amplicon. All customized primers were synthesized by Princess Haya Biotechnology Centre at the King Abdullah University Hospital, Jordan University for Science and Technology (Irbid, Jordan). The PCR conditions for "6bp ins/del" (S 1000TM Thermal Cycler, Bio-Rad, USA) were: 5 minutes of initial denaturation at 95ºC, followed by 39 cycles of 95ºC for 15 seconds, 60ºC for 15 seconds, and 72ºC for 20 seconds, with a final extension at 72ºC for 5 minutes. The PCR products were further digested with Dra1 restriction enzyme (New England Biolab, USA). Resulting fragments were separated on 2% agarose gel electrophoresis and then visualized using RedSafe™ DNA staining (ChemBio, UK). The digested fragment sizes for the ts 6bp ins/del genotypes were: 480 bp band for del/del, 480,415, 65bp bands for ins/del, and 415, 65 bp bands for ins/ins.
The primers used to amplify the "TSER" polymorphism were: forward primer GTGGCTCCTGCGTTTCCCCC (NC_000018.10: 657523-657542) and the reverse primer GGCTCCGAGCCGGCCACAGGCATGGCGCGG (NC_000018.10: 657764-657736). The PCR conditions for "TSER" were 5 minutes of initial denaturation at 94ºC, followed by 39 cycles of 94ºC for 15 seconds, 58ºC for 15 seconds, and 72º for 15 seconds, with a final extension at 72ºC for 5 minutes. The Resulting PCR were separated on 3% agarose gel electrophoresis and then visualized using RedSafe™. The PCR products were either 242 bp in the case of 3 tandem repeats (3R); or 214 bp in the case of 2 tandem repeats (2R).
Findings of the PCR-RFLP were validated by: 1) A negative control (run all PCR components except the DNA template) was run simultaneously with each PCR run; 2) Around 33% of all samples were repeated to confirm findings of the PCR-RFLP; 3) Randomly selected 10% of the samples were confirmed by direct DNA sequencing (AB 3730xl DNA Analyzer). The results were 100% concordant.
Haplotype analysis
The interaction between genetic polymorphism at the two loci was assessed by evaluating the combinedgenotypes effects and haplotype analysis. We analyzed the haplotype frequencies of the two loci (TSER and 6bp ins/del) for lung cancer cases and compared them with those of controls. Haplotype frequencies were calculated using Multiallelic Interallelic Disequilibrium Analysis Software [(MIDAS®), University of Southampton, Highfield, Southampton, UK (Gaunt et al., 2006) and linkage disequilibrium was represented by Lewontin's coefficient (D').
Statistical analysis
Data were coded and entered into SPSS software version 20 (IBM Corp, 2011) . Data of categorical nature were summarized as counts and percentages. Data of continuous nature were summarized as mean ± standard deviation. The relation between categorical vs. categorical variables were evaluated by Chi-square or Fisher exact test as appropriate. The strength of association was assessed by calculating odds ratio (OR) and 95% confidence interval (95%CI) (Cochran, 1954) . The relationship between categorical variable and continuous variable was evaluated by independent t-test. Hardy-Weinberg Equilibrium was assessed for genotypes and allele types. A p value<0.05 was considered statistically significant.
Results
DNA samples from three cases and one control failed to be amplified using TSER 2R/3R primers. All cases and controls were appropriately matched with regards to gender, age, and smoking (Table 1 ). There were 16(18%) lung cancer cases and 1 (1.4%) control reported a family history of any type of cancer, which was associated with a significantly increased risk for lung cancer (OR: 16.5, 95% CI: 2.1-127.6, p<0.001). The allele frequencies of TSER 2R and ts 3'-UTR 6bp ins were 0.41 and 0.39, respectively, in the controls, while they were 0.4 and 0.48, respectively, in the cases. The allelic distribution of the two loci of The age can modify the influence of ts 3'-UTR 6 bp del/ins genotype on lung cancer susceptibility where individuals who were less than or equal 57 years carrying and ins/ins genotype were 4.6 times more susceptible to lung cancer [OR <57 vs >57years : 4.6 (95%CI: 0.93-22.46), p=0.059)]. The age cut point was decided to be 57 based on the median age of the study population. However different age cut points were used to assess the robustness of the previous findings and the results were consistent; younger individuals bearing 6bp ins/ins genotype were always at increased risk for lung cancer development at higher age cut point [OR <60 vs >60 years : 5.4 (95% CI: 1.44-20.13), p=0.007) and lower age cut point [OR <52 vs >52 years : 9.6 (95%CI: 1.11-8-3.40), p=0.017)]. On the other hand, the interaction of age on the TSER 2R/3R genotypes influence on lung cancer susceptibility revealed nonsignificant findings.
The interaction between ex-smoking and ts genotypes influence on lung cancer susceptibility was statistically significant only in ex-smokers carrying ins/ins genotype [Ex-smoker: ins/ins OR: 5.0(95%CI: 0.87-28.86), p=0.028], but it was complicated by small sample size, which may render the results unreliable. In an attempt to increase the sample size, "Smoking and ex-smoking" groups were combined and the analysis were repeated that revealed non-significant p value in all groups across different genotypes except for del/del genotype; where smokers or ex-smokers carrying del/del genotype are 3.3 times more protected against lung cancer development compared to those with ins/ins genotype [OR: 0.3(95%CI: 0.10-0.94), p=0.04]. Similar non-significant findings were observed when the combined effects of smoking and age on the influence of ts genotypes on lung cancer incidence were studied. Though p value was close to significant in those who are "smokers or ex-smokers and less than 57 years" with ins/ins genotype [OR: 4.0(95%CI: 0.80-20.41), p=0.07].
There were four haplotypes derived from the observed TYMS genotypes; 3R_del, 3R_ins, 2R_del and 2R_ins. The most frequent haplotype was 3R_del (cases: 31%; controls: 43% while the rare haplotype was 2R_ins (cases: 19%; controls: 22%). There was a significant difference in the distribution of haplotypes between the cases and controls (p = 0.043). Our findings indicated that weak linkage disequilibrium existed between the two loci of interest as measured by Lewontin's coefficient (LC: D' =0.03, r 2 : 0. 001, p= 0.8; Controls: D' =0.29, r 2 : 0.08, p=0.02). Carriers of the haplotype 3R_insertion were 2 times more likely to have lung cancer, while the carriers of the 3R_deletion were 1.67 times more likely to protect from lung cancer (table 3) .
Discussion
Smoking has been called the chief avoidable cause of lung cancer. It is now regarded as the most important public health issue, more than 50 % of Jordanians are considered to be regular smokers despite the wide-spread knowledge among the Jordanian population that smoking is the main risk factor for lung and heart diseases (AlMatubsi et al., 2011) . Other risk factors for lung cancer development are; second-hand smoke, asbestos, polycyclic aromatic hydrocarbons, radiation, pulmonary fibrosis and HIV infection, genetic and dietary factors (Alberg and Samet, 2003; Winkler-Heil et al., 2015) . Reduced DNA repair capacity for getting rid of tobacco-induced adducts provides some evidence of inter individuals variation in susceptibility to lung cancer, as less than 20% of lifetime smokers develop lung cancer (Shi et al., 2005; Wang et al., 2013a) . Several studies were conducted to evaluate the effect of genetic polymorphisms involved in folate and one carbon unit metabolism pathway including; MTHFR, ts, and SLC19A1 and cancer incidence (Suzuki et al., 2007; Gao et al., 2012; Hu et al., 2012; Lu et al., 2012; Dajani et al., 2013; Galbiatti et al., 2013; Morita et al., 2013; Yousef et al., 2013; Rai, 2014; Al-Motassem et al., 2015; Awwad et al., 2015; Wang et al., 2015) .
After comprehensive PubMed search was done utilizing lung cancer, polymorphism and thymidylate synthase as key words, only two articles were found with regard to the influence of ts genetic polymorphism on lung cancer incidence; one among Japanese and the second among non-Hispanic White (Shi et al., 2005; Suzuki et al., 2007) .
Variability in 6 bp del/ins polymorphism in ts 3́ UTR has emerged as a possible risk factor for lung cancer in non-Hispanic white population, where individuals carrying ins/ins genotypes were at significantly increased risk of lung cancer (OR 1.52, 95% CI (1.12-2.06)). ts3`UTR, but not the TSER variant was associated with the risk of lung cancer (Shi et al., 2005) . Another study did not find any association between ts polymorphisms and cancer risk in general after in the cancer type and ethnic subgroup-stratification analyses had been done (Tang et al., 2012) . TSER 2R/2R genotype carriers had a high odds ratio in gastric cancer and for the intestinal type, but was not statistically significant (OR=2.31, and OR=2.53, respectively) (Yim et al., 2010) . Our study indicated that individuals who were less than or equal 57 years carrying ins/ins genotype were 4.6 times more susceptible to lung cancer, and the risk can be modified by smoking status as smokers and ex-smokers bearing ins/ins polymorphism were at increased risk for lung cancer among Jordanians.
Many studies on susceptibility to cancer or resistance to chemotherapy based on ts polymorphisms had been conducted based on the assumption that 3R allele as well as 6bp insertion allele are associated with increased ts expression (Yousef et al., 2001; Jung et al., 2013; Morita et al., 2013; Sulzyc-Bielicka et al., 2013; Wang et al., 2013b; Baroudi et al., 2014; Jang et al., 2014) . The 6bp insertion allele had approximately 50% higher mRNA expression than did 6bp deletion allele (Mandola et al., 2004) . ts mRNA levels in tumor tissue were 3-fold lower among subjects that are homozygotes for 2R/2R tandem repeat polymorphism in TSER than among subjects that are 3R/3R homozygotes (Pullarkat et al., 2001) . Thus 3R/3R homozygous genotype had been associated with increased levels of ts protein expression and higher absolute enzyme activity (Shi et al., 2005) .
It had been reported that ts 6 bp del/del genotype put people at higher risk of lung cancer, as any reduction in ts enzymatic activity resulting in increased uracil mis-incorporation in DNA and an increase in doublestrand breaks, complicated by reduced folate intake, and smoking. Impaired DNA repair capacity (reduced ts protein expression) for getting rid of tobacco-induced DNA adducts can further increase the risk of lung cancer development (Spitz et al., 2003) . This case control study indicated that individuals with ins/ins polymorphism are at higher risk for lung cancer. The conflicting findings regarding ts genetic polymorphism and lung cancer incidence can be understood within the context of a number of findings: the linkage disequilibrium between ts 6bp in 3`UTR and ts tandem repeat in 5`UTR, and the integral role of ts in DNA repair especially among smokers. Other genetic polymorphisms among ts and other genes involved in folate metabolism may contribute to risk of lung cancer.
In this study, weak linkage disequilibrium between the two loci of interest existed, despite that fact that there was significant difference in the distribution of haplotypes between the cases and controls p = 0.04. This may partly interpreted as the physical distance between the two loci is long (5`UTR and 3`UTR). Our findings showed inconsistency with Chinese breast cancer study results where TSER locus was partially in LD with the ts 3'-UTR del6 locus (D' = 0.584; R 2 = 0.186, P <0.001) and no significant difference in the distribution of haplotypes among cases and controls (Zhai et al., 2006) . Similar results were demonstrated in a study conducted in Italy to predict response to 5-fluorouracil-based chemotherapy in liver only metastatic colorectal cancer based on ts polymorphisms where ts 5'-UTR and ts 3'-UTR loci showed mild LD (r 2 =0.17) (Graziano et al., 2008) . Hence, studying the association between ts haplotypes and lung cancer incidence is less worthwhile than studying the ts3`UTR del/ins polymorphism in defining individuals at higher risk of lung cancer.
The study findings are limited by: 1. Small sample size. 2. No available reliable informative methods of detecting dietary intake of folate, vitamin B6, and vitamin B12.
In conclusion, the findings of the current study suggest that genetic polymorphism of ts at 3` UTR and its haplotype analysis modulates the risk of lung cancer in the Jordanian population. Polymorphism of ts at 3 `UTR is more informative than TSER polymorphism in predicting Jordanian population at increased risk of lung cancer.
